The effect of turbulent electron diffusion from stochastic electron orbits on the stability of low beta fluctuations is considered. A set of coupled self-adjoint equations is derived for the fluctuation potentials and A,,. For the tearing mode, it is shown that stability is obtained for sufficiently large values of the diffusion coefficient, Provided D, -1/n, this implies that a density threshold must be surpassed before the tearing mode is observed. Numerical calculations also support this conclusion.
One of the main concerns of tokamak research is the prevention of major plasma disruptions. It is generally considered that such major disruptions must be eliminated in an actual fusion reactor to prevent prohibitive damage to the first wall. The prevailing theoretical picture of major disruptions features low poloidal mode number (low m) tearing modes which saturate to produce magnetic islands. It is possible for such magnetic islands overlap to form large stochastic magnetic regions which enhance particle diffusion, and in the case of major disruptions, lead to catastrophic plasma confinement loss [1, 3, 4] . Control of such disruptions requires elimination or suppression of these tearing mode magnetic islands.
Traditionally, the tearing mode is analyzed using resistive MHD (magnetohydrodynamic) theory which predicts instability for A' > 0, a condition which is generally satisfied by experimental profiles when m = 2
[5].
Here A' is the jump in the logarithmic radial derivative of the perturbed magnetic potential, All, across the rational surface. Recent experimental results from ALCATOR C, however, show that a threshold in plasma density must be surpassed before the m == 2 tearing mode is observed, even though A' > 0 [5] . This observation, which is in qualitative disagreement with resistive MHD theory, motivated the present work.
In this paper, a fully kinetic approach to the tearing mode is used which includes the effects of turbulent electron diffusion resulting from stochastic electron orbits [6] . A system of coupled self-adjoint equations is derived for the perturbed potentials Al and . This system follows from Ampere's Law and quasi-neutrality applied to the linear ion response and the nonlinear electron response resulting from the normal stochastic approximation (NSA) [6] . The NSA includes the effects of electron diffusion in the electron response and is valid in regions where the electrons experience stochastic orbits. In this limit the NSA is essentially equivalent to the direct interaction approximation (DIA) [7] . The resulting system of coupled equations is globally valid and includes the effects of collisions, equilibrium current, diffusion and shear. In the appropriate limit this system yields both the finite 3 drift wave [8] and the tearing mode. Since the system is self-adjoint, a variational principle can be formed. In this problem the tearing mode exists in a background of microturbulence such as that due to drift waves. This same set of coupled equations yields unstable finite 3 drift waves when analyzed for high m modes, from which a turbulent diffusion coefficient is calculated [8] . This microturbulence is the source of the electron diffusion, and hence the diffusion coefficient is a known quantity independent of the tearing mode. This system of coupled equations for Al and 0 reduce to ideal MHD at large z (Eu < 0 and marginal stability for A l). For the tearing mode, the equations decouple to leading order in the small parameter /, = (ktVe) 2 De/3, (typically, w/we w ~e/wc i0' for the m = 2 tearing mode), yielding independent equations for and All. This allows the tearing mode to be analyzed entirely in terms of the magnetic potential A 11 .
Two analytical results are derived. First, it is proved from the full integral equations that a system unstable I in resistive MHlD, A'(0) > 0, becomes stable at sufficiently large De. Second, an approximate expression for the dispersion relation is derived. Stabilization at sufficiently high values of D, is shown by identifying the appropriate terms in the variational integral as the energy drive for the tearing mode. In the ideal MHD limit, this drive yields the quantity A'(0). However, using the full kinetic operators, the energy drive goes to zero for large values of the diffusion coefficient. The dispersion relation indicates that the tearing mode has a real frequency equal to the electron diamagnetic frequency, We, and a linear growth rate proportional to A'(ze), where Z = Wc/k 1 Ve. This result is similar to the classic collisionless tearing mode as calculated by Laval et al., [9] , where they find -~ A'(0). Numerical calculations indicate A'(z) to be a decreasing function of z; hence, stability is given by z > Zo, where A'(xo) = 0. This condition for stability, 4'(z) = 0, indicates that the magnetic energy involved in All and Jjje outside the tearing region, Ixi > xe, is zero and thus there is no available free energy to drive the tearing mode. This is analogous to nonlinear estimates of the magnetic island saturation width, w, given by the value where A'(w) = 0[2,3]. Physically, electron diffusion prohibits the tearing region from becoming too small (limited to a width xe), whereas in resistive MHD the layer thickness is limited only by dissipation, which alters the growth rate without affecting stability.
In this problem, slab geometry with a sheared magnetic field is -used; 8 = Bo(k + z/Ly) where L, = Rq 2 /rq'. In the final dispersion relation, the effects of the region outside the tearing layer, jzj > z, only appear through the term A'(xc). Hence, generalization to cylindrical geometry involves primarily the appropriate numerical determination of the function A'(z).
The nonlinear electron response is calculated by applying the NSA to the drift kinetic equation and extracting the adiabatic piece of the response in the renormalization [6] . This process yields the perturbed electron response, f, = (eO/T)k + he, where
Here fi represents the current-carrying piece of the equilibrium distribution function.
Using the classical linear ion response and applying quasi-neutrality and Ampere's Law yield the coupled system [ -(A + X 2 + (w -w.e)Ro + iw*erjRi)
where 
with the kernel,
/'4iDr
It can be shown that the above system is self-adjoint. Denoting equations (2) and (3) by L 1 + L2All = 0 and L 2 Alj + Lx = 0, where Lx represents the coupling operator, a quadratic form, S, can be constructed
which upon variation, 6S = 0, yields equations (2) and (3), assuming the boundary conditions 4, All = 0 at the edge of the plasma, ±a.
In the case of the tearing mode, the above operators scale with respect to f -= W 
(5)
Likewise, the corresponding terms in the quadratic form, S, [eq. (4)], reduce to the ideal MHD energy principle.
As a side note, the standard dispersion relation for the resistive tearing mode is recovered by replacing the spatial diffusion operator, -DA, with a krook collision operator, vej, in equation (1). Evaluating the variational form, S, in this limit yields the well known resistive MHD dispersion relation [IQ].
A proof is now given stating that the tearing mode is stabilized for sufficiently large values of the diffusion coefficient. The energy drive for the tearing mode is identified as the negative energy resulting from the following terms in the variational form.
here it is assumed that All [±a] = 0.
It is helpful, as a source of motivation, to note that the above expression for the negative energy drive, S', reduces to a term proportional to A'(0) in the ideal limit. In the limit where z > ze, ze, outside the tearing layer, the perturbed current operator, JI1,, reduces to the third term in the ideal MHD equation for A, 
Hence, A' represents the available negative energy necessary to drive the tearing mode unstable. A detailed study of the magnetic driving energy is given by E. A.
Adler et al. [11]
Notice in equation (6) that negative energy can only result from the term involving the perturbed current operator Jiel [Aii] (the other two terms are stabilizing). In the ideal MHD limit, this operator is unbounded as z -+ 0, whereas the full kinetic operator is finite at the rational surface. Retaining this full kinetic operator, a bounded integral, &%, is defined over the perturbed current term in equation ( In conclusion, the tearing mode is stabilized for sufficiently large values of turbulent electron diffusion.
Provided D, -1/n implies that a density threshold must be surpassed before m = 2 tearing modes are observed. Physically, turbulent electron diffusion prevents a perturbed current from forming within a correlation distance, Ze, of the rational surface. Hence, turbulent diffusion cuts into the available magnetic driving energy, 
